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(57) Firstly, a powder nnatrix is kept In a fluent state, 
said powder matrix consisting of a first oxide having an 
absorbed water amount of 0.1 to 50%, an averaged par- 
ticle diameter of 0.005 to 0.5 p.m and a surface hydroxy! 
group number of 0.1 to 25 funol/m^. Then, one or both 
of a halide and an alkoxide including metal or semi-met- 
al Identical with or different from the metal or semi-metal 
constituting said first oxide is allowed to contact with 
said powder matrix kept in the fluent state, by means of 
an inert carrier gas, and then they are heated at a tem- 
perature of from 25 to BOO^'C, to thereby coat said pow- 
der matrix by a coating layer consisting of a second ox- 
ide. Further, a reaction by-product consisting of one or 
both of a hydrogen halide or an alcohol generated by 
said contacting is heated at a temperature of from 200 
to lOOO^'C within the inert carrier gas to thereby elimi- 
nate the reaction by-product. 

This invention enables by a chemical means, for a 
powder matrix consisting of a first oxide, the surface of 
said powder matrix to be uniformly coated at a low cost 
by a coating layer consisting of a second oxide identk^ai 



with or different from the first oxide. In said oxide pow- 
der, both the powder matrix and the coating layer can 
develop their respective physical and chemical charac- 
teristics satisfactorily. 
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Description 

Technical Field 

[0001] The present invention relates to an oxide powder obtained by coating, for a powder matrix, the surface of 
each powder particle of the matrix comprising one or both of a metal oxide and a semi-metal oxide, or of a composite 
oxide or a mixed oxide prepared from the above metal and semi-metal oxides, with a coat of a metal oxide or semi- 
metal oxide identical with or different from the above metal or semi-metal oxide, a method for manufacturing thereof, 
and a product based on the use thereof. 

Background Art 



[0002] As a conventional method for manufacturing such an oxide powder, a method for manufacturing composite 
particles whereby a powder matrix undergoes surface refomnation through moisturization by a metal alkoxide so that 
IS the surface of its powder particle may receive a coating layer is disclosed (Japanese Patent Laid-Open No. Hel 
5-1 70425). This method for manufacturing composite particles consists of uniformly dispersing silica particles (powder 
matrix) into an aqueous solution of a metal salt, the metal being chosen from the group comprising hydrolytic metals 
such as copper, iron, zirconium, aluminum, chromium and yttrium; forming a coat made of a metal compound on the 
surface of a silica particle through hydrolytic reaction; and thereby obtaining an oxide powder, each powder particle of 
20 which has its surface reformed. 

[0003] The oxide powder obtained by the above method Is highly pure, ensures a high quality because Its coating 
layer hardly detach, and may be used in a wide field of applications as a catalyst, catalyst carrier or absorbent. 
[0004] On the other hand, a sluny for CMP (Chemical Mechanical Polishing) comprising an abrasive composed of 
mixed crystal particles of silica and alumina is disclosed (Japanese Patent Laid-Open No. Hei 1 2-265161). This slurry 
25 is composed of silica and alumina mixed at a ratio (silica/ alumina) of 1/9 to 1/1 , and has a pH of 4 to 9. 

[0005] The slurry having such a composition as described above, I.e., being composed of mixed crystal particles of 
silica and alumina as an abrasive agent, ensures a stable polishing activity because of Its pH being stabilized close to 
neutrality, and a highly selective affinity between the insulating membrane and the metal membrane. 
[0006] Moreover, the powder matrix here concerned, when it is incorporated in a printing sheet for a printer for an 
electronic device or in a printing material used as an OHP film, receives a further coat, i.e., an ink-receiving layer on 
the surface of its powder particle to enhance the visibility and adsorption of printed Ink. Fine silica powder particles 
and alumina powder particles are used as a material of such an Ink-receiving layer (for example, see Japanese Patent 
Lald-Open Nos. 2000-6513 and 2000-141877). 

[0007] However, the method for manufacturing composite particles as disclosed in the above Japanese Patent Laid- 
35 Open No. Hei 5-1 70425 requires drying and pulverizing steps, which may raise the production cost. Further, with the 
aforementioned conventional methods for manufacturing composite particles, silica particles, after drying, tend to ag- 
gregate by capillary actions, which will require an additional step for pulverization. Therefore, the number of steps 
required for the manufacture of those particles will increase. 

[0008] The oxide powder manufactured by the above conventional methods is used as an additive to a toner for 
40 electronic photography The oxide powder comprising silica each powder particle of which has its surface reformed Is 

added to a toner to provide the toner with fluency. In some cases, titania powder having Its surface reformed may be 

added in combination with the silica powder, to further enhance charge stability and environment stability of the toner. 

However, there Is a problem in that it is difficult to effectively control each activity of these powders. In addition, each 

powder may tend to detach from the surface of toner particles as a result of mixture. 
45 [0009] The CPM sluny as disclosed in the Japanese Patent Laid-Open No. Hei 12-265161 may be disturbed in the 

dispersion of its particles if its pH shifts from neutrality, and thus its abrasive activity will be Impaired. 

[0010] Further, if silica powder is used as an Ink-receiving layer as described in the Japanese Patent Laid-Open Nos. 

2000-6513 and 2000-141877, although It certainly confers transparency to the printing material, it only thinly permits 

the adsorption of Ink. Therefore, with the printing material incorporating such a silica powder, ink may spread on the 
so surface of the printing material to blur the print, or the photo-resistance of the material may be impaired. If alumina 

powder is used instead as a material of the Ink-receiving layer, adsorption of ink to the printing material may be Improved 

butthetransparency of the material will be Impaired. In addition, if silica powder or alumina powder is used, the resulting 

slurry that Is to serve as a material of the ink-receiving layer will become so unstable that it will become impossible to 

obtain a highly concentrated slurry from them. 

[0011] The object of this invention is to provide an oxide powder and a method for manufacturing thereof, which 
comprises taking a powder matrix consisting of an oxide; and unifomily and at a low cost fomning a coating layer 
consisting of an oxide Identical with or different from the above oxide, on the surface of the powder matrix, and wherein 
both of the powder matrix and the coating layer can develop their respective physical and chemical characteristics 
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satisfactorily. 

[0012] A further object of this Invention Is to provide an oxide powder, a method for manufacturing thereof, and a 
product utilizing thereof whereby the oxide powder or the product Is provided with or Improved In: 

fluency, charge controllability, charge stability, electric conductivity, mechanical strength, tackiness, dispersibility, 
dispersion stability, transparency, anti-precipitation, anti-blocking, rheologic performance, ultraviolet ray absorption, 
catalytic activity, Inhibition of photocatalytic activity, abrasion activity, heat Insulation, heat resistance, anion adsorption, 
etc. 

Disclosure of Invention 

[0013] The invention according to claim 1 provides a method for manufacturing an oxide powder comprising the 
steps of: 

keeping a powder matrix in a fluent state, said powder matrix consisting of a first oxide composed of one or both 
15 of a metal oxide and a semi-metal oxide, or a composite or mixed oxide from those oxides, and having an absorbed 

water amount of 0.1 to 50%, an averaged particle diameter of 0.005 to 0.5 \im and a surface hydroxyl group number 
of 0.1 to 25 Mjnol/m2; 

contacting, one or both of a hallde and an alkoxide Including metal or semi-metal Identical with or different from 
the metal or semi-metal constituting said first oxide, with said powder matrix kept in the fluent state, by means of 
20 an inert carrier gas, and then heating them at a temperature of from 25 to 800*'C, to thereby coat said powder 

matrix by a coating layer consisting of a second oxide; and 

heating a reaction by-product consisting of one or both of a hydrogen halide or an alcohol generated by said 
contacting, at a temperature of from 200 to 1000*^0 within the inert carrier gas to thereby eliminate the reaction 
by-product. 

25 

[0014] The invention according to claim 2 provides a method for manufacturing an oxide powder comprising the 
steps of: 

keeping a powder matrix in a fluent state, said powder matrix consisting of a first oxide having an absorbed water 
30 amount of 0.1 to 50%, an averaged particle diameter of 0.005 to 0.5 fim and a surface hydroxyl group number of 

0.1 to25jimol/m2, 

contacting, a hallde Including metal orsemi-metal Identical with or different from the metal or semi-metal constituting 
said first oxide, with said powder matrix kept In the fluent state, by means of an Inert carrier gas, and then heating 
them at a temperature of from 25 to SOO^'C, to thereby coat said powder matrix by a coating layer consisting of a 
35 second oxide; and 

heating a reaction by-product consisting of a hydrogen halide generated by said contacting, at a temperature of 
from 200 to 1000**C within the atmosphere to thereby eliminate the reaction by-product. 

[001 5] The manufacturing methods as described in claim 1 or 2 can not only lower the cost required for the production 
40 of an oxide powder, but allows a coating layerto be uniformly formed on the surface of each particle of the powder matrix. 
[0016] The powder matrix is preferably silica, alumina or titania, and the metal element included in said hallde or 
said alkoxide is preferably one, or two or more of elements selected from the group consisting of transition elements 
of the 3A, 4A, 5A, 6A, 7A, 8, 1 B and 2B families and typical elements of the 38, 48 and 58 families in the periodic table. 
[001 7] The invention according to claim 5 provides a method for manufacturing an oxide powder as described in any 
45 one of claims 1 , 3 and 4 wherein, as shown in Fig. 2, said keeping step comprises the step of keeping, said powder 
matrix consisting of said first oxide having the absorbed water amount of 0.1 to 50% and the surface hydroxyl group 
number of 0.1 to 25 ^mol/m^, in the fluent state, by supplying said powder matrix to a fluldlzed bed reaction apparatus 
11 , and by circulating atmospheric air from the below through a baffle plate 24; 

50 wherein said contacting step comprises the steps of adopting the inert carrier gas as a fluidizing gas, and circulating 

one or both of the halide and the alkoxide together with the carrier gas through the powder matrix kept in the fluent 
state through the baffle plate 24 to thereby coat said powder matrix by the coating layer consisting of the second 
oxide; and 

wherein said heating step comprises the step of circulating the carrier gas through the baffle plate 24, to thereby 
55 eliminate the reaction by-product and to thereby discharge said powder matrix coated by said coating layer, from 

the fluldlzed bed reaction apparatus 11 . 

[001 8] The Invention according to claim 6 provides a method for manufacturing an oxide powder as described In any 
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one of claims 2 to 4 wherein, as shown in Fig. 2, said keeping step comprises the step of keeping, said powder matrix 
consisting of said first oxide having the absorbed water amount of 0.1 to 50% and the surface hydroxyl group number 
of 0.1 to 25 ^mol/m2, in the fluent state, by supplying said powder matrix to a f luidized bed reaction apparatus 11 , and 
by circulating atmospheric air from the below through a baffle plate 24; 

wherein said contacting step comprises the steps of adopting the inert carrier gas as a fluidizing gas, and circulating 
the halide together with the carrier gas through the powder matrix kept in the fluent state through the baffle plate 
24 to thereby coat said powder matrix by the coating layer consisting of the second oxide; and 
wherein said heating step comprises the step of circulating atmospheric air through the baffle plate 24, to thereby 
eliminate the reaction by-product and to thereby discharge said powder matrix coated by said coating layer, from 
the fluidlzed bed reaction apparatus 11 . 



[0019] The manufacturing method as described in claim 5 or 6 makes it possible to manufacture, in a continuous 
manner, an oxide powder wherein a coating layer is uniformly formed on the surface of a powder matrix, to thereby 

15 further reduce the cost required for the production of an oxide powder. 

[0020] In the case of analyzing elements of a population Including the oxide powder manufactured by the above 
methods as constituent Ingredients of the population, a relative dispersion among elements is within ±60%; and no 
more than one agglomerate of powder particles exists In 1000 powder particles of the population, or, in other words, 
only primary particles exist In every 1000 powder particles of the population, and no secondary particle exists in the 

20 same population. 

[0021] The Invention according to claim 8 provides an oxide powder having an averaged particle diameter of 0.006 
to 0.5 fim, comprising: 



a powder matrix consisting of a first oxide having an averaged particle diameter of 0.005 to 0.5 jim and composed 
of one or both of a metal oxide and a semi-metal oxide, or of a composite or mixed oxide from those oxides, and 
a coating layer coating the surface of said powder matrix, said coating layer consisting of a second oxide Identical 
with or different from said first oxide, 

wherein said second oxide of said coating layer is chemically bonded to the surface of said first oxide of said 
powder matrix, and the surface of said first oxide of said powder matrix is unifomrily coated by the coating layer by 60% 
or more. 

[0022] The invention according to claim 9 provides an oxide powder as described in claim 8 

wherein said powder matrix has an absorbed water amount of 0.1 to 50%, and a surface hydroxyl group number 
35 of 0.1 to 25 |jmol/m2, and 

wherein the coated amount by said coating layer Is 0.1 to 10 times the surface hydroxyl group number. 

[0023] The invention according to claim 10 provides an oxide powder as described in claim 8 or 9 wherein said 
powder matrix further comprises silica, alumina or titania, or Is a composite oxide or a mixed oxide comprising at least 
^ silica, alumina or titania. 

[0024] The invention according to claim 11 provides an oxide powder as described in any one of claims 8 to 1 0 

wherein the metal element included In said second oxide of said coating layer is one or two or more of elements 
selected from the group consisting of transition elements of the 3A, 4A, 5A, 6A, 7A, 8, 1 B and 2B families and typical 
elements of the 38, 48 and SB families In the periodic table. 

[0025] The oxide powder as described In any one of claims 8 to 11 ensures the satisfactory development of the 
physical and chemical characteristics of the powder matrix and Its coating layer. The physical and chemical charac- 
teristics may include those as described In (1) to (7). 

(1) If the coating layer includes titania, and the oxide powder is used as an additive for a toner for electronic 
so photography, the coating layer will provide the toner with fluency and charge stability at the same time. 

(2) If the coating layer includes alumina, the coating layer will improve the abrasive activity of the oxide powder, 
and provide the oxide powder with a heat insulating activity and anion adsorbing activity. 

(3) If the coating layer includes silica, the coating layer will provide the oxide powder with dispersion stability, and 
Improve the fluency of the oxide powder. 

(4) If the coating layer includes cerium oxide, the coating layer will improve the abrasive activity of the oxide powder. 
If this oxide powder is added to silicone rubber to be kneaded, it will provide the silicone rubber with heat resistance. 

(5) If the coating layer includes iron oxide, the oxide powderwill provide silicone rubber with heat resistance as in (4). 

(6) If the coating layer Includes stannic oxide and antimony oxide, the coating layer will provide the oxide powder 
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with electric conductivity. 

(7) If the powder matrix is titania, the coating layer will inhibit its photo-catalytic activity. 

[0026] An oxide powder as described in any one of claims 8 to 11 is preferably provided with hydrophobldity, by 

surface refomning by one or both of a silane coupling agent and a silicone compound. 

[0027] The silane coupling is preferably a coupling agent represented by the following formula(1 ): 

X^nSiRn (1) 

wherein X is any one of a hydroxyl group, an alkoxy group and a halogen atom, R is an alkyi group having 1 to 
18 carbons, and n is an integer from 0 to 3. 

[0028] The silane coupling agent may be a coupling agent as represented by the following formula (2): 

RgSiNHSiRa (3) 

wherein R is an alkyI group having 1 to 18 carbons. 
[0029] The silicone compound is preferably represented by the following formula (3): 

I I 
X-[-S iO-]„S i-X (3) 



wherein the substitutional group represented by R* is any one of a methyl group and an ethyl group; R" is any 
one of a methyl group, an ethyl group and a hydrogen atom, or is an alkyI group including, as a part thereof, any one 
of a vinyl group, a phenyl group and an amino group; X is any one of a hydroxyl group, an alkoxy group, a halogen 
atom and an alky! group; and m Is an integer from 1 to 500. 

[0030] An oxide powder as described in claim 16 preferably comprises the first oxide constituting a powder matrix 
which is a composite oxide or a mixed oxide including silica, or including at least silica; and the second oxide constituting 

^ the coating layer including a metal element. In this case, the second oxide constituting the coating layer is more pref- 
erably alumina, titania, zirconia or ceria. These oxide powders are utilized as a material for abrasives, or for forming 
the ink-receiving layer of printing materials. Such an abrasive is preferably incorporated in slun-ies for chemical/me- 
chanical abrasion. The chemical/mechanical abrasive slurry containing such an oxide powder is highly stable after 
dispersion. If this slurry is used to abrade a material to be abraded, It is possible to abrade It at a high speed and give 

^ it a mirror-polished surface. Or, if such an oxide powder is used as a material for forming the ink-receiving layer of a 
printing material, the adsorbed amount of an anion-source compound to the oxide powder is preferably 150% or more 
than the adsorbed amount of the an ion-source compound to the powder matrix. 

[0031] The invention according to claim 21 provides an ink-receiving layer forming material containing an oxide 
powder as described in claim 20. This ink-receiving layer forming material is a stable slurry, although it contains a high 
concentration of an oxide powder. The content of the oxide powder in the ink-receiving layer forming material is pref- 
erably 5 to 30 wt%. 

[0032] The invention according to claim 22 provides an ink-jet oriented print material consisting of, such as, paper, 
film, etc, which is obtained by coating and drying a slurry of said ink-receiving layer forming material of claim 21 . 
[0033] The ink-jet oriented print material as described in claim 22, if characters or images are printed on this material 
using an ink-jet printer, will ensure improved Ink adsorption, and the transparency and photo-resistance of the print 
material. Further, the ink coat will not develop cracks nor cause blurs. 

[0034] The invention according to claim 23 provides a toner oriented additive comprising said oxide powder as de- 
scribed in any one of claims 12 to 15 wherein said first oxide of said powder matrix is silica, and the second oxide of 
said coating layer is titania. 

[0035] The toner oriented additive as described in claim 23 will Improve the fluency and charge controllability of the 
toner. 

[0036] The Invention according to dalm 24 provides a ultraviolet ray absorbing material comprteing an oxide powder 
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as described in any one of claims 8 to 11 wherein said first oxide of said powder matrix is titania, and said second 
oxide of said coating layer is any one of silica, alumina and iron oxide. 

[0037] The ultraviolet ray absorbing material as described in claim 24 will not only Improve the ultraviolet ray absorp- 
tion of the product, but keep its own photo -catalytic activity inhibited. 

[0038] The invention according to claim 25 provides an electrically conductive powder comprising an oxcide powder 
as described in any one of claims 8 to 11 wherein said first oxide of said powder matrix is silica, and said second oxide 
of said coating layer is titania, or antimony-doped stannic oxide. 

[0039] The electrically conductive powder as described in claim 25. if it is used as a material of an electro-conductive 
coat, will improve the electro-conductivity of the coat. 

Brief Description of the Drawings 

[0040] 

Fig. 1 is a schematic cross-section of a moisture controlling apparatus for illustrating how the apparatus adjusts 
the amount of water absorbed by the powder matrix of an oxide powder in an embodiment of this invention. 
Fig. 2 is a schematic cross-section of a fluidized bed reaction apparatus for illustrating how the apparatus coats 
the powder matrix whose water content has been adjusted as above with a coating layer. 

^ Best Mode for Carrying Out the Invention 

[0041] Next, the embodiments of this invention will be described. 

[0042] An oxide powder of this invention comprises a powder matrix consisting of a first oxide having an average 
diameter of 0.005 to 0.5 |im, or preferably 0.005 to 0.3 p,m, and a coating layer coating the surface of the powder matrix 

25 and consisting of a second oxide identical with or different from said first oxide. Here the average diameter of the 
powder matrix Is limited to 0.005 to 0.5 |am. This is because, If the diameter In question is below 0.005 \im, oxides 
having such a small diameter will not be available because their production may not be achieved on a commercial 
basis and, even If they are produced, hardly available on account of their high price because they may be produced 
on a research basis. On the contrary, if the diameter exceeds 0.5 ^.m, It will be difficult to keep powder particles in a 

30 unifomi fluidity or mixture while fluidizing or stirring the particles, and thus the uniformity of the coating layer will be 
impaired. Particularly, with an oxide powder each particle of which has an average diameter over 0.5 ^m, production 
of stable products based on it will become difficult: a toner incorporating It will not present an improved fluidity; a slurry 
incorporating It will be unstable, If It Is dispersed In water or polyvinyl alcohol; and other products will not show a 
satisfactory abrasive activity nor anion absorption. The oxide powder comprises powder particles each of which has 

35 an average diameter of 0.006 to 0.5 p.m, preferably of 0.006 to 0.1 |xm. This range of average diameter of powder 
particle of the oxide powder Is based on the above average diameter of the powder matrix. Because the powder matrix 
and the oxide powder are a primary particle, their average diameter can be read from their respective photographic 
images taken with aTEM (Transmission Electron Microscope). The oxide powder comprises a powder matrix consisting 
of a first oxide; and a coating layer consisting of a second oxide chemically bonded on the surface of the first oxide. 

40 The surface of the powder matrix is unifomriiy coated with the coating layer by 60% or more, preferably 80% or more. 
Here, the uniform coating with the coating layer is limited to 60% or more. This is because, If the coating is achieved 
by less than 60%, the coating layer will not be able to develop Its activity satisfactorily. 

[0043] The absorbed water amount of the powder matrix is 0.1 to 50%, or preferably 0.5 to 1 0%; the surface hydroxyl 
group number of the powder matrix is 0.1 to 25 fimol/m^, or preferably 1 to 20 jxmol/m^; and the coated amount of the 

-^5 powder matrix by the coating layer is 0.1 to 1 0 times the surface hydroxyl group number, or preferably 0.4 to 6 times. 
Here, the absorbed water amount of the powder matrix Is limited to 0.1 to 50%. This Is because, if it Is below 0.1%, 
the coating layer of a second oxide which may be Identical with or different from the powder matrix will not be formed 
satisfactorily on the surface of the powder matrix, and thus effects from the coating layer will not present satisfactorily 
in the face of the powder matrix, whereas, if it exceeds 50%, the powder matrix tends to aggregate so much that the 

so coating layer formed on the surface of the powder matrix will not become unifomri, and thus the advantage derivable 
from the coating layer will not manifest fully. For example, If the powder matrix is silica, and Its absori^ed water amount 
Is put outside the range of 0. 1 to 50%, each particle of the oxide powder will be intensely charged with negative electricity 
through friction, and thus the characteristic activity of the coating layer will not develop satisfactorily. Further, here the 
surface hydroxyl group number of the powder matrix is limited to 0.1 to 25 ^imol/m2. This is because, if it is below 0.1 

55 p,mol/m2, the powder matrix will not absorb water adequately, and thus the coating layer will not be fomried on the 
surface of the powder matrix satisfactorily, whereas, if it exceeds 25 ^imol/cm^, the powder matrix will tend to aggregate. 
Furthermore, here the coated amount of the powder matrix by the coating layer Is limited to 0.1 to 1 0 times the surface 
hydroxyl group number. This is because, if it is below 0.1 time, the effects from the powder matrix will become so large 
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that they will mask the effects from the coating layer, whereas, If it exceeds 10 times, the coating layer formed on the 
surface of the powder matrix will not be uniform, and thus the characteristic activity of the coating layer will not develop 
satisfactorily. The absorbed water amount of the powder matrix can be obtained by sampling about 1 g of a first oxide 
in a 1g weighing bottle; heating it at 105''C for two hours to dryness for weighing; and determining by calculation the 
percent (%) of the weight loss before and after the drying. The surface hydroxyl group number of the powder matrix 
can be obtained, as described in a silicone handbook, by Grignard method, Karl-Fischer method, or the lithium-alumi- 
num method wherein a dried sample is mixed with lithium aluminum hydride to thereby cause hydrogen to evolve for 
measurement. 

[0044] The form of the powder matrix may take includes the following (a) to (h): 



(a) Metal oxides, 

(b) Semi-metal oxides, 

(c) Composite oxides comprising two or more metal oxides, 

(d) Composite oxides comprising two or more semi-metal oxides, 
15 (e) Mixed oxides obtained by mixing two or more metal oxides, 

(f) Mixed oxides obtained by mixing two or more semi-metal oxides, 

(g) Composite oxides comprising one or two or more metal oxides, and one or two or more semi-metal oxides, and 

(h) Mixed oxides obtained by mixing one or two or more metal oxides, and one or two or more semi-metal oxides. 

20 [0045] The powder matrix preferably comprises silica (Si02), alumina (AI2O3) or titania (Ti02), or is a composite 
oxide including at least silica, alumina or titania, or a mixed oxide obtained by mixing mechanically those oxides. These 
oxides may take any form selected from fumed compounds, moisturized compounds, minerals, hydroxides, etc. The 
second oxide constituting the coating layer is preferably one or two selected from the group consisting of transition 
elements of the 3A, 4A, 5A, 6A. 7A, 8, 1B, and 2B families and typical elements of the 3B, 4B and 5B families in the 

25 periodic table. More specifically, Y and Ce are selected from 3A family; Ti and Zr from 4A family; V from 5A family; Cr, 
Mo and W from 6A family; Mn from 7A family; Fe, Co and Ni from 8 family; Cu and Ag from 18 family; 2n from 28 
family; Al and In from SB family; Si and Sn from 4B family; and Sb from 58 family. 

[0046] The oxide powder is provided with hydrophobicity, by surface reforming by one or both of a silane coupling 
agent and a silicone compound. The silane coupling agent is preferably represented by the following fomfiula (1 ) or (2): 



X4.nSiRn (1) 



wherein X is any one of a hydroxyl group, an alkoxy group and a halogen atom, R is an alky! group having 1 to 
^ 18 carbons, and n is an integer from 0 to 3; and 

RgSiNHSIRa (2) 



wherein R Is an alkyi group having 1 to 18 carbons. 
[0047] The silicone compound is preferably expressed by the following formula (3): 

X [-S i 0 ]„,S i X (3) 

R** R" 

wherein the substitutional group represented by R' is any one of a methyl group and an ethyl group, R" is any 
one of a methyl group, an ethyl group and a hydrogen atom, or is an alkyI group including, as a part thereof, any one 
of a vinyl group, a phenyl group and an amino group, X is any one of a hydroxyl group, an alkoxy group, a halogen 
atom and an alkyI group, and m is an Inter from 1 to 500. 

[0048] The method for manufacturing the oxide powder having a composition as above will be described below. 
[0049] Firstly, a powder matrix consisting of aflrst oxide having an absorbed water amount of 0.1 to 50%, an averaged 
partk^le diameter of 0.005 to 0.5 \im and a surface hydroxyl group number of 0.1 to 25 pnriol/nnS Is kept in a fluent state. 



7 



BNSOOCID: <EP 1 18871 4A1J_> 



EP1 188 714 A1 



Then, one or both of a halide and an alkoxide Including metal or semi-metal identical with or different from the metal 
or semi-metal constituting the first oxide Is contacted with the powder matrix kept In the fluent state, by means of an 
Inert cannier gas, and then they are heated at a temperature of from 25 to 800*'C, preferably from 25 to 600°C, to thereby 
coat the powder matrix by a coating layer consisting of a second oxide. Further, a reaction by-product consisting of 
one or both of a hydrogen halide and an alcohol generated by the contacting is heated at a temperature of from 200 
to lOOO^C, preferably from 200 to SOO^C within the inert carrier gas to thereby eliminate the reaction product, that is, 
to submit the reaction product to a treatment for eliminating hydrochloric acid or alcohol. If the second oxide is a halide, 
It will be possible to eliminate the reaction by-product mainly composed of hydrogen halide produced as a result of 
said contacting, by heating the by-product in atmospheric air at 200 to 1 000°C, preferably 200 to 700''C 
[0050] Here, the heating subsequent to the contacting occurs at 25 to 800°C. This is because, if the heating occure 
below 25°C, the reactivity of the halide or alkoxide will become so low that the coating layer will not be satisfactorily 
formed on the surface of the powder matrix, whereas, if the heating temperature exceeds 800°C, the hydroxyl groups 
on the surface of the powder matrix will so completely condense themselves that they can not react with the halide or 
alkoxide, and thus can not participate in the formation of the coating layer. Here, to eliminate the reaction by-product 
heating occurs in a range of 200 to 1000°C. This is because, if the heating temperature is below 200°C, the reaction 
by-product will not be sufficiently eliminated, whereas, if the heating temperature exceeds 1000°C, powder particles 
will aggregate. Because the present method can manufacture the oxide powder comparatively easily as seen from 
above. It will be possible to reduce the production cost of the oxide powder and to uniformly fomi the coating layer on 
the surface of the powder matrix. Said halide may Include titanium tetrachloride, aluminum chloride, silicon tetrachloride, 
etc., while said alkoxide may include titanium tetraisopropoxide, silicon tetraethoxide, etc. 

[0051] To adjust the absorbed water amount of the powder matrix to 0.1 to 50%, a reaction vessel Is used. The 
reaction vessel may Include, for example, a four-mouthed flask 1 1 to whose mouths are fixed first to fourth short sockets 
11 a to 1 1d as shown In Fig. 1. Into the first short socket 11a is inserted rotatlonally the stirring shaft 12a of a stirrer 12; 
into the second short socket lib is inserted a thermometer 13; and into the third short socket 11c is inserted a gas 
guide tube 14. The stirring shaft 12a has stirring blades 12b at its lowest end. This four-mouthed flask is so configured 
as to be divided into the upper and lower halves, although the configuration Is not illustrated here. After a powder matrix 
15 is placed in this four-mouthed flask 11 , the powder matrix 15 is stirred with the stirrer 12, and at the same time 
nitrogen gas (Ng gas) containing water vapor, or atmospheric air containing water vapor Is Introduced through the gas 
guide tube 1 4. During this operation , the flowing amount of Ng gas or atmospheric air is adjusted so that the temperature 
of the powder matrix may remain above its dew point, while the temperature indicated by the thermometer 13 being 
monitored. The fourth short socket or tube 1 1 d serves as a vent through which gas or atmospheric air is discharged 
after the powder matrix has absorbed an adjusted amount of water. Further, the connector with which the fourth short 
socket 1 1 d Is fixed to the flask 1 1 includes a bag filter (not Illustrated here) to prevent the exit of the powder matrix 1 5 
together with gas. The reaction vessel may include a reaction vessel based on a fluidized bed, although it is not 
Illustrated here. This reaction vessel receives a specified amount of powder matrix, and introduces nitrogen gas (Ng 
gas) containing water vapor, or atmospheric air containing water vapor for a specified period of time, to thereby adjust 
the amount of water absoriaed by the powder matrix. During operation, the reaction vessel Is kept at a temperature 
over the dew point. 

[0052] To coat the powder matrix whose absorbed water amount has been adjusted, with a coating layer, a fluidized 
bed reaction apparatus is used. Such a reaction apparatus may be configured, for example, like the one shown in Fig. 
2: a cylindrical body 22 with both ends closed extends in a vertical direction; a material Introducing tube 23 to introduce 
a powder matrix 1 5 Into the cylindrical body 22 is connected at a middle point of the length of the cylindrical body 22 
to its side wall; a baffle plate 24 to receive the powder matrix 15 is placed in the cylindrical body 22 close to its lowest 
end; and a gas guide tube 25 to introduce a carrier gas and an alkoxide into the cylindrical body 22 is connected to 
the cylindrical body 22 on its bottom wall 22a. The baffle plate is made of a porous or mesh-like material whose pore 
size Is finer than the average size of the powder matrix 15. A lower outflow tube 26 is connected to the side wall of the 
cylindrical body 22 at a level slightly above the level of the baffle plate, while an upper outflow tube 27 is connected to 
the side wall of the cylindrical body 22 at a mid-point between the levels of the material introducing tube 23 and the 
lower outflow tube 26. 

[0053] The lower outflow tube 26 is provided with a manually operable valve 28 to open/close the tube, while the 
upper outflow tube 27 is provided with a flow adjusting valve 29 to adjust the flow of oxide powder passing through the 
tube. The lower outflow tube 26 and the upper outflow tube 27 merge into a collective exit tube 30. The top-most portion 
of the cylindrical body 22 has a bag filter 31 to prevent the exit of powder matrix together with exhaust gas, and the 
upper-most wall 22b of the cylindrical body 22 has an exhaust pipe 32 for discharging exhaust gas connected. This 
reaction apparatus 21 allows the continuous manufacture of an oxide powder: a powder matrix 15 is continuously 
supplied through the material introducing tube 23 Into the cylindrical body 22; a halide or an alkoxide and a carrier gas 
are introduced through the gas guide tube 25 Into the cylindrical body 22; and the manually operable valve 28 is closed 
and the flow adjusting valve Is set at a position to give a predetermined aperture. Alternatively, this reaction apparatus 
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21 allows the manufacture of an oxide powder on a batch basis: a specified amount of powder matrix 15 is supplied 
through the material introducing tube 23 into the cylindrical body 22; a halide or an alkoxide and a carrier gas are 
introduced through the gas guide tube 25 into the cylindrical body 22; and the manually operable valve 28 and the flow 
adjusting valve 29 are closed; and the manually operable valve 28 is opened after a specified time. 

5 [0054] With the oxide powder thus manufactured, the powder matrix and Its coating layer develop their respective 
physical and chemical activities satisfactorily. To put it specifically, if an oxide powder is used as an additive for a toner 
for electronic photography and the above coating layer includes titania, the coating layer provides the toner with fluidity 
and charge stability at the same time. If the coating layer includes alumina, the coating layer will improve the abrasive 
activity of the oxide powder, and provide the oxide powder with a heat insulating activity and anion absorbing activity. 

10 If the coating layer includes silica, the coating layer will provide the oxide powder with dispersion stability, and improve 
the fluidity of the oxide powder. If the coating layer Includes cerium oxide, the coating layer will improve the abrasive 
activity of the oxide powder, and, if the oxide powder is added to silicone rubber to be kneaded, it will provide the 
silicone rubber with heat resistance. If the above coating layer includes iron oxide, the coating layer will provide the 
silicone rubber with heat resistance. If the above coating layer contains stannic oxide or antimony oxide, and the coating 

15 layer will provided the oxide powder with electro-conductivity. Moreover, if the powder matrix is titania, the coating layer 
will inhibit the photo-catalytic activity of the oxide powder 
[0055] Next, products incorporating the oxide powder will be described. 

(a) Abrasives 

20 

[0056] If an oxide powder is used as an abrasive a silica powder is used as a first oxide of a powder matrix, and a 
second oxide of a coating layer includes a metal element (one or two or more elements selected from the group con- 
sisting of transition elements of the 3A, 4A, 5A, 6A. 7A, 8, 1 B and 2B families, and typical elements of the SB, 4B and 
5B families in the periodic table). Particularly, the second oxide is preferably alumina, titania, zirconia or ceria. Moreover, 
25 this abrasive is preferably used to prepare a slurry for chemcal/mechanical abrasion. 

(b) Ink-receiving layer fomriing materials 

[0057] If an oxide powder is used as an ink-receiving layer forming material, a silica powder is used as a first oxide 
30 of a powder matrix, and a second oxide of a coating layer, includes a metal element {one or two or more elements 
selected from the group consisting of transition elements of the 3A, 4A, 5A, 6A, 7A, 8, 1 B and 2B families, and typical 
elements of the 3B, 4B and SB families in the periodic table). Particularly, the second oxide is preferably alumina, 
titania, zirconia or ceria. Moreover, this Ink-receiving layer fomriing material Is obtained by adding water or polyvinyl 
alcohol to the oxide powder. The ink-receiving layer forming material preferably contains the oxide powder at 5 to 30 
35 wt%. If this ink-receiving layer forming material is applied to a sheet of paper or film, and dried, an ink-jet oriented print 
material will be obtained. 



(c) Additives for toner 

[0058] An additive for toner is obtained by preparing an oxide powder by providing a coating layer of a second oxide 
being titania on the surface of a powder matrix of a first oxide being silica, and by reforming the surface of the oxide 
powder with a silane coupling agent or a silicone compound as represented in any one of formulas (1) to (3). This 
additive for toner may be added to toners for electronic photocopy machines or for laser printers. 

(d) Ultraviolet ray absorbing agents 

[0059] A ultraviolet ray absori3ing agent is obtained by preparing an oxide powder by providing a coating layer of a 
second oxide being any one of silica, alumina and iron oxide on the surface of a powder matrix of a first oxide being 
titania, and by refomriing the surface of the powder particle with a silane coupling agent or a silicone compound as 
represented in any one of fomriulas (1) to (3). This ultraviolet ray absorbing agent may be added to cosmetics. 

(e) Electro-conductive powders 

[0060] An electro-conductive powder is obtained by preparing an oxide powder by providing a coating layer of a 
second oxide being titania or antimony-doped stannic oxide (ATO) on the surface of a powder matrix of a first oxide 
being silica. This electro-conductive powder Is used to form an electroK:onductlve coat. 

[0061] Next, the examples of this invention will be described in detail below together with comparative examples. 



9 



BNSDOCID: <EP 1ie8714A1J_> 



EP 1 188 714 A1 



< Example 1> 

[0062] As shown in Fig. 1 , the absorbed water annount of a powder matrix 1 5 was adjusted using a reaction vessel 
11 . To put it specifically, lOOg of a hydrophilic silica powder 15 (powder matrix) which has an average particle size of 

5 0.012 p.m and a surface hydroxyl group number of 3.7 fxmol/m^ was placed in a four-mouthed flask 11 (reaction vessel) 
having a volume of 5 liter; and the powder was stirred with a stirrer 12. The stirring occun-ed while the silica powder 
15 was exposed to a jet of N2 gas containing water vapor or of atmospheric air containing water vapor During this 
operation, the inflow of nitrogen gas (N2 gas) or air was adjusted so as to keep the temperature of the silica powder 
15 above the dew point while a close look was directed to the indication of a thermometer 13. The absorbed water 

10 amount of the powder matrix 1 5 was obtained as follows: about 1 g of the silica powder whose absorbed water amount 
had been adjusted as above was sampled in a 1 g weighing bottle; it was heated at 1 05*'C for two hours to dryness for 
weighing; and the percent (%) of the weight loss before and after the drying was detemnined by calculation. The ab- 
sorbed water amount of this particular example was 4.0%. 

[0063] As shown in Fig.2, sixty gram of the silica powder which had Its water content adjusted as above was trans- 
15 ferred through a material introducing tube 23 into a fluidized bed reaction apparatus 21 having a volume of 17 liter. 
The transferred silica powder rested on a baffle plate 24. At this state, the reaction apparatus 21 was heated to 60°C, 
and then 8.6g of titanium tetrachloride was introduced together with gas through a gas guide tube 25 formed on 
the bottom wall 22a of the reaction apparatus 21 into the reaction apparatus 21 . The Ng gas serves as a carrier gas 
of titanium tetrachloride and as an agitator to keep the silica powder in a fluent state. When titanium tetrachloride 
20 conveyed by gas came Into contact with the silica powder, a coating layer of titania was provided on the surface of 
the silica powder as a result of chemical reaction, and an oxide powder resulted. Then, the reaction apparatus 21 was 
maintained at 200°C for 12 hours while allowing the passage of N2 gas, to thereby eliminate hydrochloric acid, and 
then the manually operable valve 28 was opened so thatthe oxide powder could be collected through the lower outflow 
tube 26. The oxide powder thus produced was temried Example 1 . 

25 

<Example 2> 

[0064] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 p.m and a 
surface hydroxyl group number of 3.7 ^mol/m^ was placed in a four-mouthed flask 1 1 (reaction vessel) having a volume 
30 of 5 liter; and the absorbed water amount of the silica powder was adjusted as in Example 1 . The absortDed water 
amount of this particular example was 35.5%. 

[0065] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter Then, while the silica powder being kept in a fluent state in the 
presence of Ng gas, 25. Og of titanium tetrachloride was introduced together with Ng gas from the bottom wall of the 
35 reaction apparatus, to thereby allow titanium tetrachloride to come into contact with the silica powder so that a coating 
layer of titania could be provided on the surface of the silica powder Then, the reaction apparatus was maintained at 
200°C for 1 2 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was tenned Example 2. 

40 <Example 3> 

[0066] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 |im and a 
surface hydroxyl group number of 3.7 ^mol/m2 was placed In a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 

^ 1 . The absortaed water amount of this particular example was 9.0%. 

[0067] Sixty gram of the silica powder which had its water content adjusted as above was transfen-ed into a fluidized 
bed reaction apparatus having a volume of 17 liter Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 6.2g of titanium tetraisopropoxide was introduced together with N2 gas from the bottom wall of 
the reaction apparatus, to thereby allow titanium tetraisopropoxide to come into contact with the silica powder so that 

so a coating layer of titania could be provided on the surface of the silica powder Then, the reaction apparatus was 
maintained at 15^0 for 2 hours while still allowing the passage of N2 gas, to thereby eliminate alcohol. The oxide 
powder thus produced was tenned Example 3. 

<Example 4> 

55 

[0068] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.007 ^im and a 
surface hydroxyl group number of 3.7 nmol/m2 was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 
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1 . The absorbed water amount of this particular example was 9.0%. 

[0069] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of Ng gas, 6.5g of titanium tetrachloride was introduced together with Ng gas from the bottom wall of the 
5 reaction apparatus, to thereby allow titanium tetrachloride to come Into contact with the silica powder so that a coating 
layer of titania could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 
500°C for 6 hours while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was termed Example 4. 

10 <Example 5> 

[0070] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.04 \xm and a 
surface hydroxy! group number of 3.7 }xmol/m2 was placed In a four-mouthed flask (reaction vessel) having a volume 
of 5 titer, and stirred In the atmosphere; and the absorbed wateramount of the silica powder was adjusted as in Example 

15 1 . The absorbed water amount of this particular example was 1 .0%. 

[0071] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of gas, 0.3g of titanium tetrachloride was introduced together with Ng gas from the bottom wall of the 
reaction apparatus, to thereby allow titanium tetrachloride to come into contact with the silica powder so that a coating 

20 layer of titania could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 
500°C for 6 hours while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was termed Example 5. 

< Example 6> 

25 

[0072] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.006 p.m and a 
surface hydroxyl group number of 3.7 fimol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed wateramount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 7.0%. 

30 [0073] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 1 71 . Then, while the silica powder being kept in a fluent state in the presence 
of N2 gas, 46g of aluminum chloride was introduced together with N2 gas from the bottom wall of the reaction apparatus, 
to thereby allow aluminum chloride to come Into contact with the silica powder so that a coating layer of alumina could 
be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 500°C for 6 hours 

35 while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powder thus produced was 
termed Example 6. 

<Example 7> 

^ [0074] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 \im and a 
surface hydroxyl group number of 3.7 ^mol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 1 .0%. 

[0075] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of gas, 28g of aluminum isopropoxide was introduced together with gas from the bottom wall of the 
reaction apparatus, to thereby allow aluminum isopropoxide to come into contact with the silica powder so that a coating 
layer of alumina could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained 
at 200°C for 6 hours while still allowing the passage of N2 gas, to thereby eliminate alcohol. The oxide powder thus 
50 produced was temried Example 7. 

<Example 8> 

[0076] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 jim and a 
55 surface hydroxyl group number of 3.7 yjxxoMxn^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred In the atmosphere; and the absorbed wateramount of the silica powder was adjusted as In Example 
1. The absorbed water amount of this particular example was 1 .0%. 

[0077] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
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35 
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bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 1 0.8g of cerium chloride was introduced together with gas from the bottom wall of the reaction 
apparatus, to thereby allow cerium chloride to come into contact with the silica powder so that a coating layer of ceria 
could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 500°C for 6 
hours while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powderthus produced 
was termed Example 8. 



<Example 9> 



10 [0078] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 p.m and a 
surface hydroxyl group number of 3.7 ^imol/mS was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorted water amount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 9.0%. 

[0079] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluldized 
15 bed reaction apparatus having a volume of 1 7 liter. Then, while the silica powder being kept in a fluent state in the 
presence of NJg gas, 6.0g of iron chloride was introduced together with N2 gas from the bottom wall of the reaction 
apparatus, to thereby allow iron chloride to come into contact with the silica powder so that a coating layer of iron oxide 
could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 500°C for 6 
hours while still allowing the passage of gas, to thereby eliminate hydrochloric acid. The oxide powderthus produced 
20 was termed Example 9. 

<Example 10> 

[0080] lOOg of a hydrophilic titania powder (powder matrix) which has an average particle size of 0.015 p,m and a 
surface hydroxyl group number of 7.4 M.mol/m2 was placed In a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the titania powder was adjusted as in 
Example 1 . The absorbed water amount of this particular example was 9.0%. 

[0081] Sixty gram of the titania powder which had its water content adjusted as above was transferred Into a fluidized 
bed reaction apparatus having a volume of 1 7 liter. Then, while the titania powder being kept in a fluent state in the 
presence of gas, 4.5g of silicon tetrachloride was introduced together with N2 gas from the bottom wall of the reaction 
apparatus, to thereby allow silicon tetrachloride to come into contact with the titania powder so that a coating layer of 
silica could be provided on the surface of the titania powder. Then, the reaction apparatus was maintained at 500°C 
for 6 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was tenned Example 10. 

< Example 11 > 

[0082] lOOg of a hydrophilic titania powder (powder matrix) which has an average particle size of 0.015 \im and a 
surface hydroxyl group number of 7.4 ^imol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the titania powder was adjusted as in 
Example 1 . The absorbed water amount of this particular example was 9.0%. 

[0083] Sixty gram of the titania powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the titania powder being kept in a fluent state in the 
presence of Ng gas. 2.6g of aluminum chloride was introduced together with Ng gas from the bottom wall of the reaction 
apparatus, to thereby allow aluminum chloride to come into contact with the titania powder so that a coating layer of 
alumina could be provided on the surface of the titania powder. Then, the reaction apparatus was maintained at 500°C 
for 6 hours while still allowing the passage of gas, to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was tenned Example 11 , 

50 <Example12> 

[0084] lOOg of a hydrophilic titania powder (powder matrix) which has an average particle size of 0.015 nm and a 
surface hydroxyl group number of 7.4 nmol/m2 was placed In a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stin-ed in the atmosphere; and the absorbed water amount of the titania powder was adjusted as In 
Example 1 . The absorbed water amount of this particular example was 5.0%. 

[0085] Sixty gram of the titania powder which had its water content adjusted as above was transferred Into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the titania powder being kept in a fluent state in the 
presence of Ng gas, 7.2g of iron chloride was introduced together with Ng gas from the bottom wall of the reaction 
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apparatus, to thereby allow iron chloride to come into contact with the titania powder so that a coating layer of iron 
chloride could be provided on the surface of the titania powder. Then, the reaction apparatus was maintained at 500*^0 
for 6 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was temried Example 12. 

5 

< Example 13> 

[0086] 100g of a hydrophillc silica powder (powder matrix) which has an average particle size of 0.012 fim and a 
surface hydroxy! group number of 3.7 ^mol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
10 of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 1 .5%. 

[0087] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fiuidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 7.5g of tin chloride and 0.25g of antimony chloride were introduced together with gas from the 
15 bottom wall of the reaction apparatus, to thereby allow tin chloride and antimony chloride to come into contact with the 
silica powder so that a coating layer of a composite compound of tin chloride and antimony chloride (antimony-doped 
stannic oxide, ATO) could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained 
at 500**C for 6 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was tenned Example 13. 

20 

< Example 14> 

[0088] 100g of a hydrophillc silica powder (powder matrix) which has an average particle size of 0.012 ^.m and a 
surface hydroxyl group number of 3.7 pmol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
25 of 5 liter, and stirred in the atmosphere; and the absoriaed water amount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 1 .0%. 

[0089] Sixty gram of the silica powder which had its water content adjusted as above was transferred Into a fiuidized 
bed reaction apparatus having a volume of 17 liter Then, while the silica powder being kept in a fluent state in the 
presence of Ng gas, 4.3g of vanadium tetrachloride was introduced together with Ng gas from the bottom wall of the 
30 reaction apparatus, to thereby allow vanadium tetrachloride to come into contact with the silica powder so that a coating 
layer of vanadium oxide could be provided on the surface of the silica powder. Then, the reaction apparatus was 
maintained at 500*'C for 6 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The 
oxide powder thus produced was termed Example 14. 

35 < Example 15> 

[0090] 100g of a hydrophillc silica powder (powder matrix) which has an average particle size of 0.012 \im and a 
surface hydroxyl group number of 3.7 \imo\/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 
40 1 . The absorbed water amount of this particular example was 0.5%. 

[0091 ] Sixty gram of the silica powder which had its water content adjusted as above was transferred Into a fiuidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 4.5g of molybdenum trichloride was introduced together with N2 gas from the bottom wall of the 
reaction apparatus, to thereby allow molybdenum trichloride to come into contact with the silica powderso that a coating 
layer of molybdenum oxide could be provided on the surtace of the silica powder. Then, the reaction apparatus was 
maintained at 500*'C for 6 hours while still allowing the passage of gas, to thereby eliminate hydrochloric acid. The 
oxide powder thus produced was termed Example 15. 

<Example 1 6> 

50 

[0092] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 {im and a 
surface hydroxyl group number of 3.7 fimol/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 1 .0%. 
55 [0093] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fiuidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 3.0g of zinc chloride was introduced together with N2 gas from the bottom wall of the reaction 
apparatus, to thereby allow zinc chloride to come into contact with the silica powder so that a coating layer of zinc 
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chloride could be provided on the surface of the silica powder. Then, the reaction apparatus was nnaintained at SOO^'C 
for 6 hours while still allowing the passage of gas, to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was tenned Example 16. 

5 <Example17> 

[0094] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 fim and a 
surface hydroxy! group number of 3.7 \imo\/m^ was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted as in Example 

10 1 . The absorbed water amount of this particular example was 2.0%. 

[0095] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of Ng gas, 5. 1 g of zirconium chloride was introduced together with gas from the bottom wall of the reaction 
apparatus, to thereby allow zirconium chloride to come into contact with the silica powder so that a coating layer of 

15 zirconia could be provided on the surface of the silica powder Then, the reaction apparatus was maintained at 500°C 
for 6 hours while still allowing the passage of N2 gas. to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was tenned Example 1 7. 



20 



35 



50 



< Example 18> 



[0096] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.030 jim and a 
surface hydroxyl group number of 3.7 fimol/m2 was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred In the atmosphere; and the absorbed wateramount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 0.8%. 

25 [0097] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter Then, while the silica powder being kept In a fluent state in the 
presence of N2 gas, 2g of aluminum chloride was introduced together with N2 gas from the bottom wall of the reaction 
apparatus, to thereby allow aluminum chloride to come into contact with the silica powder so that a coating layer of 
alumina could be provided on the surface of the silica powder Then, the reaction apparatus was maintained at 500°C 

30 for 6 hours while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powder thus 
produced was tenned Example 18. 

< Example 19> 



[0098] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.020 fxm and a 
surface hydroxyl group number of 3.7 fimol/m2 was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred in the atmosphere; and the absorbed wateramount of the silica powder was adjusted as in Example 
1 . The absorbed water amount of this particular example was 1 .0%. 
[0099] Sixty gram of the silica powder which had its water content adjusted as above was transferred into a fluidized 
40 bed reaction apparatus having a volume of 1 7 liter Then, while the silica powder being kept in a fluent state in the 
presence of gas, 5.0g of cerium chloride was introduced together with gas from the bottom wall of the reaction 
apparatus, to thereby allow cerium chloride to come into contact with the silica powder so that a coating layer of ceria 
could be provided on the surface of the silica powder Then, the reaction apparatus was maintained at 500°C for 6 
hours while still allowing the passage of gas, to thereby eliminate hydrochloric acid. The oxide powder thus produced 
^5 was tenned Example 19. 

<Exampie 20> 



[0100] 120g of an oxide powder prepared as in Example 6, 12g of dispersant (AM-2150, Japan Surfactant Industrial 
Co.), 35 ml ethanol, 10ml n-propanol, 5ml ethyl acetate, and 12g of polyvinyl alcohol (PVA235, KURARE) were dis- 
persed using a homogenizerto produce an ink-receiving layer forming material. This ink-receiving layerforming material 
was applied by a barcoder method on a sheet of non-coat paper for ink-jet printing (IJ-L, Mitsubishi Paper Manufacturing 
Co.). After application, the coat was dried being exposed to a jet of wann air of 50**C for three minutes, to produce a 
sheet of print material for ink-jet printing. The coat layer after drying was 30 ^im in thickness. This ink-jet oriented print 
55 material was termed Example 20. 



14 

BNSDOCIDr <EP 1 18871 4A1J_> 



EP1 188 714 A1 



<Comparative example 1> 

[0101] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 ^m and a 
surface hydroxy! group number of 3.7 jimol/m2 was kept in the atmosphere of 120°C for one hour for drying. The 

5 absorbed water amount of this silica powder was made below 0.01 %. 

[01 02] Sixty gram of the silica powder which had Its water content adjusted as above was transferred into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of N2 gas, 4.3g of titanium tetrachloride was Introduced together with N2 gas from the bottom wall of the 
reaction apparatus, to thereby allow titanium tetrachloride to come into contact with the silica powder so that a coating 

^0 layer of titania could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 
SOCC for 6 hours while still allowing the passage of Ng gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was termed Comparative example 1 . 

<Comparative example 2> 

IS 

[0103] 100g of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 \im and a 
surface hydroxyl group number of 3.7 pmol/m2 was placed in a four-mouthed flask (reaction vessel) having a volume 
of 5 liter, and stirred In the atmosphere; and the absorbed water amount of the silica powder was adjusted. The absorbed 
water amount of this particular example was 60.0%. 

20 [0104] Sixty gram of the silica powder which had Its water content adjusted as above was transferred into afluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state In the 
presence of N2 Q^s, 25.0g of titanium tetrachloride was Introduced together with Ng gas from the bottom wall of the 
reaction apparatus, to thereby allow titanium tetrachloride to come Into contact with the silica powder so that a coating 
layer of titania could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 

25 500°C for 6 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was termed Comparative example 2. 

<Comparatlve example 3> 

30 [01 05] 30g of a hydrophilic silica powder having an average particle size of 0.01 2 ^m, and 7.5g of hydrophilic titania 
powder having an average particle size of 0.01 7 fxm were stirred with a mixer for mixture. The resulting oxide powder 
was termed Comparative example 3. 

<Comparative example 4> 

35 

[0106] 30g of a hydrophilic silica powder (powder matrix) which has an average particle size of 28 \vm and a surface 
hydroxyl group number of 3.7 nmol/m^ was placed In a four-mouthed flask (reaction vessel) having a volume of 2 liter, 
and stirred in the atmosphere, to thereby adjust the water content of the silica powder. The absorbed water amount of 
this silica powder was 0.3%. 

40 [0107] While the silica powder which had its water content adjusted as above was being stirred, I.Og of titanium 
tetrachloride was Introduced Into the flask together with Ng gas, to thereby allow titanium tetrachloride to come Into 
contact with the silba powder so that a coating layer of titania could be provided on the surface of the silica powder. 
Then, the reaction apparatus was maintained at SOCC for 6 hours while still allowing the passage of Ng gas, to thereby 
eliminate hydrochloric acid. The oxide powder thus produced was termed Comparative example 4. 

45 

<Comparatlve example 5> 

[0108] lOOg of a hydrophobic silica powder (powder matrix) which has an average particle size of 0.022 jim and a 
surface hydroxyl group number of 0.08 p,mol/m2, and had the surface of the siltea powder treated with a silicone oil 

50 was placed in a four^mouthed flask (reaction vessel) having a volume of 5 liter, and stirred in the atmosphere, to thereby 
adjust the water content of the silica powder. The absorbed water amount of this silica powder was 0.1%. 
[0109] Sixty gram of the silica powder which had Its water content adjusted as above was transferred Into a fluidized 
bed reaction apparatus having a volume of 17 liter. Then, while the silica powder being kept in a fluent state in the 
presence of gas, 4.3g of titanium tetrachloride was introduced together with Ng gas from the bottom wall of the 

S5 reaction apparatus, to thereby allow titanium tetrachloride to come into contact with the silica powder so that a coating 
layer of titania could be provided on the surface of the silica powder. Then, the reaction apparatus was maintained at 
1 B0*C for 1 2 hours while still allowing the passage of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder 
thus produced was termed Comparative example 5. 
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<Comparative example 6> 

[0110] 30g of a hydrophllic silica powder (powder matrix) which has an average particle size of 0.012 jim and a 
surface hydroxyl group number of 3.7 p.mol/m2 was placed In a four-mouthed flask (reaction vessel) having a volume 
s of 2 liter, and stirred in the atmosphere; and the absorbed water amount of the silica powder was adjusted. The absorbed 
water amount of this particular example was 4.0%. 

[0111] While the silica powder which had its water content adjusted as above was being stirred, 4.3g of titanium 
tetrachloride was introduced Into the flask together with N2 gas, to thereby allow titanium tetrachloride to come into 
contact with the silica powder so that a coating layer of titania could be provided on the surface of the silica powder. 
10 Then, the reaction apparatus was maintained at 200°C for 1 2 hours while stili allowing the passage of N2 gas, to thereby 
eliminate hydrochloric acid. The oxide powder thus produced was termed Comparative example 6. 

<Comparattve example 7> 



15 



25 



45 



so 



55 



[0112] An oxide powder comprising composite particles which have an average particle size of 0.023 and are 
obtained from titania and iron oxide by a dry method was termed Comparative example 7 



<Comparative example 8> 

^ [01 13] A hydrophilic silica powder having an average particle size of 0.012 jim was termed Comparative example 8. 
<Comparative example 9> 

[0114] A hydrophllic titania powder having an average particle size of 0.01 7 jim was temried Comparative example 9. 
<Comparative example 10> 



[0115] 30g of a hydrophilic titania powder having an average particle size of 0.017 ^.m, and 7.5g of a hydrophilic 
silica powder having an average particle size of 0.012 jtm were stirred with a mixer for mixture. The resulting mixed 
50 powder was tenned Comparative example 10. 

<Comparative example 11 > 

[01 1 6] An ATO powder having an average particle size of 0.01 0 ixm was tenned Comparative example 1 1 , 

35 

<Comparative example 12> 

[0117] lOOg of a hydrophilic silica powder (powder matrix) which has an average particle size of 0.012 |im and a 
surface hydroxyl group number of 3.7 |amol/m2 was kept in the atmosphere of 120°C for one hour for drying. The 
^ absorbed water amount of this silica powder was made below 0.01%. 

[0118] Sixty gram of the silica powder thus dried was transferred into a fluidized bed reaction apparatus having a 
volume of 1 7 liter. Then, while the silica powder being kept in afluent state in the presence of gas, 28.0g of aluminum 
chloride was introduced together with N2 gas from the bottom wall of the reaction apparatus, to thereby allow aluminum 
chloride to come into contact with the silica powder so that a coating layer of alumina could be provoded on the surface 
of the silica powder. Then, the reaction apparatus was maintained at 500°C for 6 hours while still allowing the passage 
of N2 gas, to thereby eliminate hydrochloric acid. The oxide powder thus produced was tenned Comparative example 
12. 



<Comparative example 13> 

[0119] A hydrophilic silica powder having an average particle size of 0.030 was temried Comparative example 13. 
<Comparative example 14> 

[01 20] A hydrophilic alumina powder having an average particle size of 0.01 9 nm was tenned Comparative example 
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<Comparative example 1 5> 

[0121] 30g of a hydrophilic silica powder having an average particle size of 0.020 ^m, and 3.4g of a hydrophilic 
alumina powder having an average particle size of 0.019 ^m were stirred with a mixer for mixture. The resulting mixed 
5 powder was temied Comparative example 15. 

<Comparative example 1 6> 

[0122] 120g of an oxide powder prepared as in Comparative example 7, 12g of dispersant (AM-2150, Japan Sur- 
factant Industrial Co.), 35 ml ethanol, 10ml n-propanol, 5ml ethyl acetate, and 12g of polyvinyl alcohol (PVA235, 
KURARE) were dispersed using a homogenlzer to produce an ink-receiving layer forming material. This Ink-receiving 
layerf onning material was applied by a barcoder method on a sheet of non-coat paper for ink-jet printing (IJ-T, Mitsubishi 
Paper Manufacturing Co.). After application, the coat was dried being exposed to a jet of wanri air of 50**C for three 
minutes, to produce a sheet of print material for Ink-jet printing. The coat layer after drying was 30 p,m in thickness. 
15 This ink-jet oriented print material was termed Comparative example 16. 

<Comparative test 1 and its evaiuation> 

[0123] The oxide powders of Examples 1 to 19. Comparative examples 1 to 7, and Comparative example 12 were 
20 tested, for the content of the coating layer, the specific surface area, and the uniformity of coating layer in the oxide 
powder. The results are shown in Tables 1 and 2. 

[0124] The content of the coating layer was derived from the weight of metal elements contained in the oxide powder 
which was measured with an SEM-EDX (SEM-Scanning Electron Microscope, JSM-5300LV; EDX-energy- Dispersion 
type fluorescence X-ray analyzer, JED-2001 , Japan Electron Datum). In deriving the content of coating layer, it was 
25 assumed that all the metal elements exist as oxides. 

[0125] The specific surface area was derived by vapor-phase adsorption: a certain gas molecule (nitrogen) which 
adheres to the surface of an oxide powder with a known adherence area is allowed to be adsori^ed to the surface of 
a test oxide powder; and the surface area of the test oxide powder was detemilned by the adsorijed amount of the 
gas molecule. 

30 [01 26] The uniformity of the coating layer was evaluated on the basis of the presence of agglomerates, the variation 
in the contents of the coating layer, and the ratio of the coating layer to the powder matrix. A criterion by which to judge 
whether a given oxide powder has agglomerates or not is set at 1 /1 000: when no more than one agglomerate of powder 
particles exists in 1 000 powder particles of the population, that oxide powder was judged to be free from agglomerates, 
whereas when one or more agglomerate of powder particles exist in 1 000 powder particles of the population, that oxide 

35 powder was judged to have agglomerates. 

[0127] The variation in the contents of the coating layer was evaluated with a TEM-EDX (TEM, JEM-201 OF, Nippon 
Electronics, and EDX, VOYAGER3, Norfan). To put it specifically, the elementary analysis of a test oxide powder was 
carried out at 10 spots with one spot having an area of 10 nm x lOnm under an electron bombardment accelerated in 
a field of 200kV; and the measured contents of test element were processed to give an average; and a variation was 

40 derived from the average. The variation in the contents of coating layer can be obtained by the following formulas (4) 
and (5): 



45 



(B-A)/Ax100(%) (4) 

(A-C)/Ax 100 (%) (5) 

where A represents the average (%) obtained from the elementary analysis (10 points), B represents the maximum 
50 (%) obtained In the elementary analysis (10 points), and C represents the minimum (%) obtained in the elementary 
analysis (10 points). Out of the values obtained from the formulas (4) and (5), the larger one was adopted as the 
variation. 

[0128] The ratio of the coating layer to the powder matrix was evaluated using a TEM-EELS (TEM, JEM-2010F, 
Nippon Electronics, and EELS, GIF200, GATAN). Specifically, the surface analysis was earned out on the surface of 
55 a test oxide powder under an electron bombardment in the field of 200 kV, and the fraction of unifonnly distributed test 
element was taken as representative of unifomiity. 
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Table 1 



5 




Powder 

matrix 

/coating layer 


Absorbed 
Water 
amount of 
powder 
Matrix (%) 


Oxide powder 


10 








oonieni or 
Coating 
Layer (%) 


Specific 
surface 
Area (m^/ 

g) 


Unifonnity of coat 


15 












Presence of 
agglomerates 


Variation of 
contents 


Ratio of 
coat (%) 




Example 1 


Siiica/titania 


4.0 


4.0 


181 


None 


±16 


95 




Example 2 


Sillca/titania 


35.5 


18.2 


156 


None 


±55 


70 


20 


Example 3 


Silica/titan la 


9.0 


3.2 


183 


None 


±23 


90 




Example 4 


Siiica/titania 


9.0 


6,3 


272 


None 


±34 


85 




Example 5 


Sillca/titania 


1.0 


0.3 


12 


None 


±15 


90 


25 


Example 6 


Silica/ 
alumina 


7.0 


28.0 


348 


None 


±47 






Example 7 


Silica/ 
alumina 


1.0 


9.1 


177 


None 


±30 






Example 8 


Silica/ceria 


1.0 


9.2 


175 


None 


±28 


85 


30 


Example 9 


Silica/iron 
oxide 


9.0 


6.9 


172 


None 


±18 


90 




Example 
10 


Titania/silba 


9.0 


4.0 


80 


None 


±20 


95 


35 


Example 
11 


Titan i a 
/alumina 


9.0 


3.1 


78 


None 


±32 


~ 




Example 
12 


Titania /iron 
oxide 


5.0 


6.8 


75 


None 


±37 


85 


40 


Example 
13 


olllca/ATU 


1 .5 


7.2 


165 


None 


±41 




45 


Example 
14 


ollfCa/ 

vanadium 
oxide 


1 .0 


4.2 


184 


None 


±25 


90 




Example 
15 


Silica/ 

molybdenum 
oxide 


0.5 


7.1 


176 


None 


±37 


75 


50 


Example 
16 


Silica/zinc 
oxide 


1.0 


4.2 


174 


None 


±27 


80 




Example 
17 


Silica/ 

Zirconia 


2.0 


7.3 


171 


None 


±25 


85 


55 


Example 
18 


Silica/ 
alumina 


0.8 


1.1 


48 


None 


±24 






Example 
19 


Silica/ceria 


1.0 


4.0 


83 


None 


±27 


83 
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Table 2 



5 




Powder 
matrix 
/coating 
layer 


Absorbed 
Water 
amount of 
Powder 
matrix (%) 


Uniformity of coat 


10 








Content of 
coatina 
layer (%) 


Specific 
surface 
area (m^/ 
9) 


Uniformity of coat 


15 












Presence of 
agglomerates 


Variation 

ofcontents 

(%) 


Ratio of 
coat (%) 




Comparative 
example 1 


Silica/ 
titania 


<0.01 


1.0 


174 


None 


±22 


40 


20 


Comparative 
example 2 


Silica/ 
titania 


60.0 


19.0 


65 


Present 


±240 


10 




Comparative 
example 3 


Silica/ 
titania 
(mixture), 


0.3 


20.0 


180 


Present 


±380 


0 


25 


Comparative 
example 4 


Silica/ 
titania 


0.3 


0.2 


0.1 


None 


±80 


60 




Comparative 
example 5 


Silica/ 
titania 


0.1 


0 


110 


None 




0 


30 


Comparative 
example 6 


oliica/ 
titania 


4.0 


4.0 


170 


Present 


±90 


20 


35 


Comparative 
example 7 


Composite 
particles of 
titania and 
iron oxide 


2.0 


2.0 


50 


None 


±90 






Comparative 
example 1 2 


Silica/ 
alumina 


<0.01 


0,9 


177 


None 


±31 





40 [0129] As is obvious from Tables 1 and 2, agglomerates developed in Comparative examples 2, 3 and 6 while they 
were not present in Examples 1 to 1 7. The variation in the contents of the coating layer was as large as ±80 to ±380% 
in Comparative examples 2 to 4 and 6 and 7, while the same was ±15 to ±55% in Examples 1 to 17. The fraction of 
the coating layer was 0 to 60% in Comparative examples 1 to 6, while it was 70 to 95% in Examples 1 to 5, 8 to 10. 
and 1 2 and 14 to 1 7. In Example 2, the variation in the contents of the coating layer was ±55%, which is comparatively 

45 large. This is because the powder matrix had a large absoriaed water amount of 35.5%. 

<Comparative test 2 and Its evaluation> 

[0130] The oxide powders of Examples 1 to 3, Comparative examples 1 to 4, and Comparative examples 8 and 9 
50 were tested, for the content of the coating layer, the specific surface area, the quantity of charged electricity, and the 
fluency in the oxide powder. The results are shown In Table 3. 

[0131] The content of the coating layer and the specific surface area were detemiined as in Comparative test 1 . 
[0132] The charge quantity of a test oxide powder was obtained by placing 50g of Iron powder carrier and 0.1 g of 
hydrophobic oxide powder In a glass vessel having a volume of 75ml, closing the vessel with a cap, agitating the vessel 
55 with a turbulent mixer for five minutes, sampling O.lg of the iron powder canrier mixed with the oxide powder, and 
exposing the sample to a blow of nitrogen in a blow-off charged electricity meter (TB-200: Toshiba Chemical) for one 
minute, to give a charge electricity measurement. 

[0133] The fluency of a test oxide powder was evaluated based on the passage through screens. Specifically, 0.4g 
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of a hydrophobic oxide powder and 40g of a negatively charged toner 8 \irr) In size was mixed with a mixer, to produce 
a toner composition for electronic photography. The toner composition was applied In order to a 150 urn screen, 75 
\Lm screen, and 45 ^im screen each of which was agitated by a powder tester (PT-N type, Hosokawa Micron), and the 
fraction (%) of the powder which passed all the filters was taken as representative of the fluency of the oxide powder. 



Table 3 





Powder matrix 
/coating layer 


Oxide powder 


Content of 
coating layer (%) 


Specific surface 
area (m^/g) 


Test item 










Charge electricity 
(^C/g) 


Flu encv (*^A%\ 


Example 1 


Silica/titania 


4.0 


181 


-140 


82 


Example 2 


Silica/titania 


18.2 


156 


-92 


75 


Example 3 


Silica/titania 




1 DO 


-153 


80 


Comparative 
example 1 


Silica/titania 


1.0 


174 


-450 


81 


Comparative 
example 2 


Silica/titania 


19.0 


65 


-250 


55 


Comparative 
example 3 


Silica/titania 
(mixture) 


20.0 


180 


-520 


72 


Comparative 
example 4 


Silica/titania 


0.2 


0.1 


-460 


24 


Comparative 
example 8 


Silica 


0 


200 


-540 


82 


Comparative 
example 9 


trtania 


0 


95 


-55 


65 



[0134] As is obvious from Table 3, the absolute charge quantity of the oxide powder was large (250 to 540 \iC/g) in 
Comparative examples 1 to 4, and 8, while It was small (92 to 153 jxC/g) in Examples 1 to 3. The fluidity of the oxide 
powder was small (55 and 24%) in Comparative examples 2 and 4, respectively, while It was large (75 to 82%) in 
Examples 1 to 3. 



<Comparative test 3 and Its evaluation> 

[0135] The oxide powders of Examples 1 0 to 12, and Comparative examples 9 and 1 0 were tested, for the content 
of the coating layer, the specific surface area, the photo-catalytic activity, and the UV absorption In the oxide powder. 
The results are shown in Table 4. 

[0136] The content of the coating layer and the specific surface area were detemriined as In Comparative test 1 . 
[0137] The photo-catalytic activity of a test oxide powder was obtained by placing 1 g of an oxide powder in a pyrex 
(trade name given by Corning) glass vessel (120 mm x 120 mm x 65 mm), adding thereto acetaldehyde gas to give a 
gas concentration of 4000 ppm, closing helmetically the glass vessel, radiating UV rays with an intensity of 3 mW/cm2 
to the vessel for one hour, and measuring the concentration of acetaldehyde gas with a gas-tech detection tube^ to 
determine by calculation the decomposition of acetaldehyde. 

[0138] The UV absorption of a test oxide powder was obtained by adding 3g of an oxide powder to 97g of isopro- 
pylpalmitate, dispersing the powder into the latter with a dissolver at 2000 rpm for five minutes, placing this dispersion 
liquid in a cell having a thickness of lOfim, and measuring the absorption at 300 nm. 
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Table 4 





Powder matrix 
/coating layer 


Oxide powder 


Content of 
coating layer (%) 


Specific surface 
area (m^/g) 


Test item 










Photo-catalytic 
activity (%) 


UV absorption 
(%) 


Example 10 


Titania/sllica 


4.0 


80 


16 


85 


Example 11 


Titania/alumina 


3.1 


78 


19 


85 


Example 12 


Titania/iron 
oxide 


6.8 


75 


12 


88 


Comparative 
example 9 


Titania 


0 


95 


100 


87 


Comparative 
example 1 0 


Tltania/Silica 
(mixture) 


16.7 


190 


100 


85 



[0139] As is obvious from Table 4, acetaldehyde gas was completely decomposed in Comparative examples 9 and 
10, while it was hardly decomposed (12 to 19%) in Examples 10 to 12. It was found from this that the photo-catalytic 
activity was more effectively inhibited in Examples 1 0 to 12 than in Comparative examples 9 and 10. The UV absorption 
of Comparative examples 9 and 1 0 was 87 and 85%, respectively, while the same was 85 to 86% in Examples 10 to 
12, both being practically the same. As a result, the oxidation catalyzing powder of Examples proved to be more suitable 
as a material of cosmetics than those of Comparative examples. 

<Comparative test 4 and its evaluation> 

[0140] The oxide powders of Examples 2 and 1 3, and Comparative examples 8, 9 and 1 1 were tested, for the content 
of the coating layer, the specific surface area, and the electric resistance in the oxide powder. The results are shown 
in Table 5. 

[0141] The content of the coating layer and the specific surface area were determined as in Comparative test 1 . 
[0142] The electric resistance of a test oxide powder was determined with an electric resistance meter (Hirester, 
Mitsubishi Chemical). Specifically, the electric resistance of a test oxide powder was obtained by placing 0.3g of an 
oxide powder in a specified cell, applying a pressure of 10 MPa to the cell, and measuring the electric resistance of 
this pressurized powder body. 



Table 5 





Powder matrix 
/coating layer 


Oxide powder 


Content of coating 
layer (%) 


Specific surface area 
(m2/g) 


Test item 










Electric resistance 
(Q.cm) 


Example 2 


Silica/titania 


18.2 


156 


1 X 109 


Example 13 


Silica /ATO 


7.2 


165 


1 X 10® 


Comparative 
example 8 


Silica 


0 


200 


1 X 101^ 


Comparative 
example 9 


Titania 


0 


95 


1 X 106 


Comparative 
example 11 


ATO 


0 


100 


1 
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[0143] As is obvious from Table 5, the electric resistance of Comparative example 8 was high (1 x lO*"^ U.cm) while 
those of Examples 2 and 1 3 were low (1 x 1 0^ and1 x 1 0^ U.cm), respectively. The oxide powders of Examples 2 and 
13 had a larger specific surface area than did the titania powder of Comparative example 9 and the ATO powder of 
Comparative example 1 1 . As a result, application of a dispersion liquid containing an oxide powder from the Examples 
s to glass or film will provide it with a high transparency. 

<Comparative test 5 and its evaluation> 

[0144] The oxide powders of Examples 1 , 6 and 1 7, and Comparative examples 1 , 8, 12 and 14 were tested, for the 
10 content of the coating layer, the specific surface area, the adsorption D (%) of anion to the oxide powder (the powder 
coated by the coating layer), the adsorption E (%) of anion to the powder matrix and the transparency of the oxide 
powder. The results are shown In Table 6. 

[0145] The content of the coating layer and the specific surface area were determined as in Comparative test 1 . 
[01 46] The absorbed anion species in Table 6 represent reagents which were used to determine the anion adsorptions 
15 D (%) and E (%). 

[0147] The adsorption of anion was determined as follows. 

[0148] 100ml of an aqueous solution of sodium benzenesulfonate at 2.5 mmol/l was placed in a beaker having a 
volume of 200 ml; a stirring aid was introduced in the beaker and the beaker was placed on a stirrer, and the solution 
was stirred by means of the stirring aid; while the solution being stirred, 2g of a surface reformed silica was weighed 
20 and transferred into the solution to be dispersed therein; after stirring for five minutes, a syringe incorporating a syring 
filter of 0.45 M^m was used to filtrate the solution; 1 ml or more of the filtrate was sampled In a sampling bottle having 
a volume of 4ml; 1 ml of the solution was precisely sampled with a volumetric pipette and transferred into a volumetric 
flask; and the solution was diluted with pure water to 100 ml. 

[01 49] A spectrophotometer (V-570, Japan Spectrophotometry) was taken, and a pair of quartz cells were balanced 
25 100% using pure water on the meter; pure water was poured into one quartz cell to serve as a reference, and the 
above diluted solution was put Into the other cell for test; a beam with a wavelength of 220.8 nm was applied to the 
cells, and the transmission X was detennined. The transmission X was put in the following formula (6) to obtain the 
molar concentration Y (mmol) of sodium benzensulfonate in the In'ttial sample solution. 

30 

Y = -0.0432 x ln(X) + 0.1 976 (6) 



[0150] The adsorption to silica Z (mmol) was obtained by the formula Z = 0.025 - Y, and expressed as percentage 
(%). Further, the anion absorptions D and E obtained from the above measurement were used to derive the ratio D/E. 
Even if sodium benzensulfonate is substituted for sodium p-toluenesulfonate, it will be possible to similarly obtain the 
anion adsorption. 

[0151] The transparency was detennined as follows. Firstly, 1 20g of an oxide powder, 1 2g of a dispersant (Al\/I-21 50, 
Japan Surfactant Industrial Co.), 35 ml ethanol, 10ml n-propanol, 6ml ethyl acetate, and 12g of polyvinyl alcohol 
(PVA235, KURARE) were dispersed using a homogenizer to produce an ink-receiving layer fonning material. This ink- 
receiving layer fonning material was applied by a barcoder method on a sheet of OHP film. After application, the coat 
was dried being exposed to a jet of warm air of 50»C for three minutes. The coat layer after drying was 30 ^m in 
thickness. Then, the spectrophotometer (V-570, Japan Spectrophotometry) was taken; a sheet of OHP film having no 
coat of the ink-receiving layer fonning material was inserted into one cell to serve as a reference, and another sheet 
of OHP film having received a coat of the ink-receiving layer forming material was inserted into the other cell; and a 
beam with a wavelength of 500 nm was applied to the cells, and the transparency was determined based on the 
transmission. 



50 
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Table 6 



5 




Powder 
matrix 
/coating 
layer 


Oxide powder 


10 






Content Of 
coating 
layer f%) 


Specific 
surface 
area (rn^/aiS 


Anion 
adsorbing 

SD6Ci6fi 


Test item 














D/E (%r/o) 


Ratio (%) 


Trans paren 
cy(%) 


15 


Example 1 


Silica/ 
titania 


4.0 


181 


sodium p- 
toluenesu 
Ifonate 


22/12 


183 


90 


20 


Example 6 


Silica/ 
alumina 


28.0 


348 


sodium 

benzenesu 

Ifonate 


68/19 


358 


93 


Example 1 7 


Silica 
/zirconia 


7.3 


171 


sodium 

benzenesu 

Ifonate 


24/10 


240 


91 


25 


Comparative 
example 1 


Silica 
/titania 


1.0 


174 


sodium p- 
toluenesu 
Ifonate 


14/12 


117 


91 


30 


Comparative 
example 8 


Silica 




200 


sodium P' 
toluenesu 
Ifonate 


12/12 


100 


95 


Comparative 
example 12 


Silica/ 
alumina 


0.9 


177 


sodium 

benzenesu 

Ifonate 


14/10 


140 


94 


35 


Comparative 
example 14 


Alumina 




100 


sodium 

benzenesu 

Ifonate 


17/17 


100 


80 



[0152] As is obvious from Table 6, the ratio D/E was low (117 and 140%) in Comparative examples 1 and 12 while 
it was high (1 83 to 358%) in Examples 1 , 6 and 1 7. As a result, the product of this invention proved to have an excellent 
anion adsorption, and thus to be suitable as a material for forming the ink receiving layer. Although Comparative ex- 
amples 8 and 1 2 presented a good transparency, they were low in anion adsorption. Comparative example 1 4 presented 
a poor transparency. In contrast, Examples 1 . 6 and 17 were excellent in transparency and anion adsorption. 



<Comparative test 6 and its evaluatjon> 

[0153] The oxide powders of Examples 7, 8, 18, and 1 to 3, Comparative examples 13 to 15 were tested, for the 
content of the coating layer, and the specific surface area in the oxide powder. In addition, the abrasive agent made 
of the test oxide powder was applied to a test piece, and the wear speed and the surface condition of the test piece 
was determined. The results are shown in Table 3. 

[0154] The content of the coating layer and the specific surface area were determined as in Comparative test 1 . 
[0155] The wear speed was determined as follows. Firstly, an aqueous dispersion liquid containing 5 wt% test abra- 
sive agent was prepared; and an oxidizing agent was added to this aqueous dispersion liquid, to produce a slurry for 
chemical/mechanical abrasion. Then, this slurry was applied to a SUBA500/SUBA IV pad stack (Rodel), and a tungsten 
wafer was abraded chemically as well as mechanically on this machine. The machine was set with ISPEC/ 
WESTECH472CMP tools to give a slurry flow rate of 150 cc/min, a table turn speed of 60 rpm, and a spindle speed 
of 60 rpm. Under this condition, abrasion proceeded continuously for 10 minutes, and the reduction in the thickness 
of the wafer after abrasion was used to obtain the wear speed. 
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V. 



[0156] Moreover, the surface condition of the abraded test piece was visually evaluated: If the surface presented a 
mirror-polish, it was evaluated as good, while it gave a frosted appearance on its part, it was evaluated as poor. 



Table 7 



5 




Powder matrix 
/coating layer 


Oxide powder 


10 






Content of 
Coating Layer 
(%) 


Specific surface 
area (m2/g) 


Test item 












Wear speed (A/ 

min) 


Surface condition 




Example 7 


Silica/alumina 


9.1 


177 


2700 


Good 


IS 


Example 18 


Silica/alumina 


1.1 


48 


4200 


Good 




Example 1 9 


Sillca/ceria 


4.0 


83 


4000 


Good 




Comparative 

example 13 


Silica 




50 


900 


Good 


20 


Comparative 
example 14 


Alumina 




100 


4500 


Poor 


25 


Comparative 
example 15 


Silica/alumina 
(mixture) 




92 


1200 


Poor 



[0157] As is obvious from Table 7, the abrasion speed of the abrasive agents Incorporating the oxide powders of 
Comparative examples 13 and 15 was small (900 and 1200 A/min) while the same was large (2700 to 4200 A/min) in 
the abrasive agents prepared from the oxide powders of Examples 7, 18 and 19. The surface of the test piece after 
being abraded with the abrasive prepared from the oxide powder of Comparative examples 14 and 15 gave a frosted 
30 appearance on its parts, while the surface of the test piece abraded with the abrasive prepared from the oxide powders 
of Examples 7, 18 and 19 gave a min-or-polish. 

<Comparative test 7 and Its evaluation> 

35 [01 58] The ink-jet oriented print materials of Example 20 and Comparative example 1 6 had letters printed thereupon 
with an ink-jet printer (BJF-600J, Canon), and the letters were visually inspected whether there were any cracks or 
blurs on the print coat. 

[0159] It was found that, although there were ink blurs when letters were printed on the print material prepared from 
Comparative example 16, there were detected no ink blurs when letters were printed on the print material prepared 
40 from Example 20. No cracks were detected on the print coat in the print materials prepared from Comparative example 
16 as well as from Example 20. 

[01 60] As described above, according to the present invention, a powder matrix is kept In a fluent state, said powder 
matrix consisting of a first oxide having an absoriaed water amount of 0.1 to 50%, an averaged particle diameter of 
0.005 to 0.5 M-m and a surface hydroxyl group number of 0.1 to 25 nmol/m^; one or both of a halide and an aikoxide is 

45 allowed to contact with said powder matrix kept in the fluent state, by means of an inert carrier gas, and then they are 
heated at a temperature of from 25 to 800«C. to thereby coat said powder matrix by a coating layer consisting of a 
second oxide; and a reaction by-product consisting of one or both of a hydrogen halide or an alcohol generated by 
said contacting is heated at a temperature of from 200 to 1 000*»C within the Inert carrier gas to be thereby eliminated, 
which will make it possible to reduce the production cost of the oxide powder and to uniformly fomi the coating layer 

50 on the surface of the powder matrix. 

[0161] With a powder matrix kept in a fluent state, one or both of a halide and an aikoxide Is allowed to contact, by 
means of an inert carrier gas, and then they are heated at a temperature of from 25 to 800°C, to thereby coat said 
powder matrix by a coating layer consisting of a second oxide; and a reaction by-product consisting of a hydrogen 
halide generated by said contacting is heated at a temperature of from 200 to 1 0OO^'C in the atmosphere to be thereby 

55 eliminated, which will ensure the same advantages as above. If the powder matrix Is silica, alumina or titania, and the 
metal element included in a halide or an aikoxide is one or two or more of elements selected from the group consisting 
of transition elements of the 3A, 4A, 5A, 6A, 7A, 8, IB and 28 families and typical elements of the 3B, 4B and 5B 
families In the periodic table, the resulting oxide powder will markedly ensure the aforementioned advantages. 
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[0162] If an oxide powder having an averaged particle diameter of 0.006 to 0.5 p.m, comprising a powder matrix 
consisting of a first oxide having an averaged particle diameter of 0.005 to 0.5 pm, and a coating layer coating the 
surface of said powder matrix, said coating layer consisting of a second oxide identical with or different from said first 
oxide, wherein said second oxide of said coating layer is chemically bonded to the surface of said first oxide of said 

s powder matrix, and the surface of said powder matrix is uniformly coated by the coating layer by 60% or more, the 
physical and chemical characteristics of the powder matrix and the coating layer will develop satisfactorily. 
[01 63] For example, said oxide powder is added to a slurry for chemical/mechanical abrasion to serve as an abrasive 
agent, it will provide the chemical/mechanical abrasive with a high speed abrasion activity and mirror-polishing activity 
at the same time; and if said oxide powder Is added to an ink-jet oriented print material as an ink receiving layer forming 

10 material, it will provide the ink-jet oriented print material with an excellent printing activity capable of inhibiting the 
development of cracks on the surface coat and ink blurring. Further, if said oxide powder is added as an additive to a 
toner for electronic photography, it will provide the toner with fluency and charge stability at the same time; If said oxide 
powder is added to a cosmetic as a UV absorbing agent, It will provide the cosmetic with a UV absorbing activity and 
photo-catalytic activity at the same time; and if said oxide powder is added to an electro-conductive coating agent as 

15 an electro-conductive powder, it will provide the electro-conductive coat with electro-conductivity. 

[0164] If said powder matrix has an absorbed water amount of 0.1 to 50%, and a surface hydroxyl group number of 
0.1 to 25 p,mol/m2, and the coated amount by said coating layer is 0.1 to 10 times the surface hydroxyl group number, 
it will markedly ensure the aforementioned advantages. Furthermore, if the powder matrix is silica, alumina or titania, 
and the metal element included in a halide or an alkoxide is one or two or more of elements selected from the group 

20 consisting of transition elements of the 3A, 4A, 5A, 6A, 7 A, 8. 1 B and 2B families and typical elements of the 38, 4B 
and 5B families in the periodic table, the resulting oxide powder will more markedly ensure the aforementioned advan- 
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30 



industrial Applicability 

[0165] The oxide powder of the present invention can be utilized for the manufacture of various products such as 
abrasive agents, silica slurry, chemical/mechanical abrasion slurry, ink receiving layerforming materials, ink-jet oriented 
print materials, additives for toner, UV absorbing agents, electro-conductive powders, etc. 

Claims 

1. A manufacturing method of an oxide powder comprising the steps of: 

35 (a) keeping a powder matrix in a fluent state, said powder matrix consisting of a first oxide composed of one 

or both of a metal oxide and a semi-metal oxide, or a composite or mixed oxide from those oxides, and having 
an absorbed water amount of 0.1 to 50%, an average particle diameter of 0.005 to 0.5 ^m and a surface 
hydroxyl group number of 0.1 to 25 pjnol/m^; 

40 (b) contacting, one or both of a halide and an alkoxide including metal or semi-metal identical with or different 

from the metal or semi-metal constituting said first oxide, with said powder matrix kept In the fluent state, by 
means of an inert carrier gas, and then heating them at a temperature of from 25 to 800**C, to thereby coat 
said powder matrix by a coating layer consisting of a second oxide; and 

^ (c) heating a reaction by-product consisting of one or both of a hydrogen halide or an alcohol generated by 

said contacting, at a temperature of from 200 to 1 000°C to thereby eliminate the reaction by-product. 

2. The method of claim 1 , wherein said heating step (c) Is effected in an inert carrier gas or atmospheric air when the 
starting material for the second oxide is a halide. 

50 

3. The method of claim 1 , wherein said heating step (c) is effected in an inert canier gas when the starting material 
for the second oxide is an alkoxide. 

4. The method of any one of claims 1 to 3, wherein said metal oxide is Al or Ti oxide and said semi-metal oxide is Si 
55 oxide. 

5. The method of any one of claims 1 , 2 and 4, 

wherein the metal element included in said halide Is one, or two or more of elements selected from the group 
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consisting of transition elements of the 3A. 4A, 5A, 6A, 7A, 8. 1 B and 2B families and typical elements of the 38, 
48 and 5B families in the periodic table. 

6. The method of any one of claims 1 , 3 and 4, 

wherein the metal element included in said alkoxide Is one, or two or more of elements selected from the 
group consisting of transition elements of the 3A, 4A, 5A, 6A, 7A, B, 1 8 and 2B families and typical elements of 
the 3B, 4B and 5B families in the periodic table. 



7. The method of an oxide powder of any one of claims 1,2,4 and 5 

10 

wherein sard keeping in step (a) comprises the step of keeping said powder matrix consisting of said first oxide 
having the absorbed water amount of 0.1 to 50% and the surface hydroxyl group number of 0.1 to 25 ^imol/ 
m2 in the fluent state by supplying said powder matrix to a fluidized bed reaction apparatus (11 ), and by cir- 
culating atmospheric air from the below through a baffle plate (24); 

wherein said contacting in step (b) comprises the steps of adopting the inert earner gas as a fluidizing gas, 
and circulating the halide together with the carrier gas through the powder matrix kept in the fluent state through 
the baffle plate (24) to thereby coat said powder matrix by the coating layer consisting of the second oxide; and 
wherein said heating In step (c) comprises the step of circulating the carrier gas or atmospheric air through 
the baffle plate (24), to thereby eliminate the reaction by-product and to thereby discharge said powder matrix 
coated by said coating layer, from the fluidized bed reaction apparatus (11 ). 

8. The method of any one of claims 1 , 3, 4 and 6, 



wherein said keeping in step (a) comprises keeping said powder matrix consisting of said first oxide having 
the absorbed water amount of 0.1 to 50% and the surface hydroxyl group number of 0.1 to 25 ^imol/mS in the 
fluent state by supplying said powder matrix to a fluidized bed reaction apparatus (11), and by circulating 
atmospheric air from the below through a baffle plate (24); 

wherein said contacting in step (b) comprises adopting the inert carrier gas as a fluidizing gas and circulating 
the alkoxide together with the carrier gas through the powder matrix kept in the fluent state through the baffle 
plate (24) to thereby coat said powder matrix by the coating layer consisting of the second oxide; and 

wherein said heating In step (c) comprises the step of circulating the earner gas through the baffle plate (24), 
to thereby eliminate the reaction by-product and to thereby discharge said powder matrix coated by said coating 
layer, from the fluidized bed reaction apparatus (11). 



9. The method of claim 7 or 8, 
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wherein a relative dispersion among elements is within ±60 when analyzing elements of a population including 
said oxide powder as constituent ingredients of the population; and 

wherein no more than one agglomerate of powder particles exists in 1 000 powder particles of the population. 

10. An oxide powder having an average particle diameter of 0.006 to 0.5 ^irn, comprising a powder matrix consisting 
of a first oxide having an averaged particle diameter of 0.005 to 0.5 jim and composed of one or both of a metal 
oxide and a semi-metal oxide, or of a composite or mixed oxide from those oxides, and 

a coating layer coating the surface of said powder matrix, said coating layer consisting of a second oxide 
identical with or different from said first oxide, 

wherein said second oxide of said coating layer is chemically bonded to the surface of said first oxide 
of said powder matrix, and the surface of said first oxide of said powder matrix is uniformly coated by the 
coating layer by 60% or more. 



1 1 . The oxide powder of claim 1 0, 

wherein said powder mati 
number of 0.1 to 25 ^imol/r 
wherein the coated amount by said coating layer is 0.1 to 10 times the surface hydroxyl group number. 



wherein said powder matrix has an absorted water amount of 0.1 to 50%, and a surface hydroxyl group 
number of 0. 1 to 25 ^imol/m^, and 
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12. The oxide powder of claim 10 or 11 , 

wherein said metal oxide Is Al or Tl oxide and said semi-metal oxide is Si oxide. 

13. The oxide powder of any one of claims 1 0 to 1 2, 

5 wherein the metal element Included in said second oxide of said coating layer Is one or two or more of 

elements selected from the group consisting of transition elements of the 3A, 4A, 5A, 6A, 7A, 8, 1 B and 2B families 
and typical elements of the 3B, 4B and 5B families in the periodic table. 

14. The oxide powder of any one of claims 1 0 to 13, 

*o wherein said oxide powder is provided with hydrophobicity, by surface reforming by one or both of a silane 

coupling agent and a silicone compound. 

15. The oxide powder of claim 14, 

wherein the silane coupling agent is represented by the following formula (1): 

15 

X4-nSiRn (1) 

wherein X is any one of a hydroxyl group, an alkoxy group and a halogen atom, R is an alkyi group having 1 to 1 8 
^ carbons, and n is an integer from 0 to 3. 

16. The oxide powder of claim 14, 

wherein the silane coupling agent is represented by the following formula (2): 
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RaSINHSIRg (2) 



wherein 

R is an alkyI group having 1 to 18 carbons. 

17. The oxide powder of claim 12, 

wherein the silicone compound is represented by the following formula (3): 



R' K 

I I 

X-hSiO-]„ Si-X (3) 

I I 
R" R" 

wherein 

the substitutional group represented by R' Is any one of a methyl group and an ethyl group; 

R*' is any one of a methyl group, an ethyl group and a hydrogen atom, or is an alkyI group including, as a part 

thereof, any one of a vinyl group, a phenyl group and an amino group, 

X is any one of a hydroxyl group, an alkoxy group, a halogen atom and an alkyI group, and 

m is an integer from 1 to 500. 

18. The oxide powder of claim 13. 

wherein said oxide powder comprises the first oxide constituting a powder matrix which is a composite oxide 
or a mixed oxide including silica, or including at least silica; and the second oxide constituting the coating layer 
including a metal element. 

19. The oxide powder of claim 18, 

wherein the second oxide constituting the coating layer is alumina, titania. zirconia or ceria. 
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20. An abrasive agent comprising the oxide powder of claim 1 9. 

21. A slurry for chemical/mechanical abrasion comprising the abrasive agent of claim 20. 

5 22. The oxide powder of claim 1 9, 

wherein the adsorbed amount of an anion-source compound to said oxide powder is 1 50% or more than the 
adsorbed amount of said anion-source compound to the powder matrix. 

23. An Ink-receiving layer fomning material comprising the oxide powder of claim 22 

10 

24. An ink-jet oriented print material obtained by coating and drying a slurry of said ink-receiving layer forming material 
of claim 23. 

25. A toner oriented additive comprising the oxide powder of any of claims 14 to 17 wherein said first oxide of said 
^5 powder matrix is silica, and the second oxide of said coating layer is titania. 

26. An ultraviolet ray absorbing material comprising the oxide powder of any of claims 1 0 to 1 3 wherein said first oxide 
of said powder matrix Is titania. and said second oxide of said coating layer is any one of silica, alumina and iron 
oxide. 

20 

27. An electrically conductive powder comprising the oxide powder of any of claims 1 0 to 13 wherein said first oxide 
of said powder matrix is silica, and said second oxide of said coating layer is titania, or antimony-doped stannic 
oxide. 
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